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The problem with successful RFID execution is the lack of application specific optimization. In any manufacturing location the variation of factors such as type of material, speed of the conveyor, tag position, distance of antenna from tag cannot be generalized. Therefore, to gain the best performance of an RFID system in supply chain, these factors should be optimized. Previous researchers' [4] proved that the signal penetration readability of RFID through liquids of different concentration had variation. This research paper focuses on the readability of RFID penetration in different particulate solid products with varying particle sizes. In addition simulation during transportation is performed on a conveyor belt at different speeds. Variable factors in this experiment were different types of particulate solids of different particle sizes, packing density, and tag position.
PROBLEM STATEMENT
Packaging industries using RFID technology are facing the problem of missing the item count of products during processing due to different product characteristics such as chemical composition, density etc. This research examines the use of RFID in packaging industry where the items are of different particulate solids of different packing densities [2] . This is important in supply chain because transportation can change the product's physical characteristics. In this paper particle shape, size and packing density are investigated to determine its effects on RFID tag readability.
Particle size is considered as an important characteristic since it affects the properties such as surface per unit volume and rate of settling of particles. The shape of the particle may have an effect on packing characteristics as well.
Variable factors in this experiment were, different types of particulate solids of different particle sizes, packing density, and tag position. Signal penetration tag readability readings are noted for 20 seconds to meet FCC regulation [6] which will be analyzed using 2 5 Factorial design (2-level, 5-factors) by performing design of experiments (DOE) to observe the significance of the main factors [3] .
EQUIPMENT
Equipment used in this research are the rectangular standardized container of size 6in x 10in x 1.25in, fabricated using 0.25in thick Lexan material supported on a HDPE frame as shown in figure 1 . This holds the particulate solid and the volume of the container is 934ml (934 CC). An Alien RFID reader is used and model number is ALR-9800 (figure 2a). The reader is based on an Intel XScale processor, along with digital signal processor (DSP) (Roberti, 2006) . The DSP enables the rapid interleaving of different protocols with minimal switching overhead, resulting in fast performance to interrogate RFID tags [10] . Supported RFID tag protocols are ECP Class 1 Gen 2, ISO 18000-6c [10] . Alien reader protocol is autonomous mode which has upgradeable architecture for future EPC reader protocols. An RFID tag reader uses antennas (figure 2b) to communicate with the RFID chip. RFID tags are so small and require so little power that they don't even need a battery to store information and exchange data with readers [10] . This makes it easy and cost effective to apply tags to different materials to identify or track.
Tag used in this experiment was a passive tag (figure 2c). Passive RFID requires stronger signals from the reader, and the signal strength returned from the tag is constrained to very low levels.
Active RFID allows very low-level signals to be received by the tag (because the reader does not need to power the tag), and the tag can generate high-level signals back to the reader. These tags have a useful life of twenty years or more and also not expensive to manufacture [8] . Also vibrating table Syntron Power Plus #225484A [6] is used to handle tough material to condense, settle, de-airing and packing [5] .
METHODOLOGY
Experiments were conducted by varying the factors, type of particulate solid (salt and sugar), packing density (free flow and tapped), and speed of conveyor (6ft/min and 12ft/min), antenna placement (side and top) and tag placement front facing and back facing. 4. Preset -30seconds
The above power settings were fixed after experimenting with the required adjustments and limitations for the proper read range. It is important for the experiment that we select the correct hardware and to have optimum settings setup for the experiment.
Two different particulate solids, sugar (organic compound) and salt (inorganic compound) was tested for its particle shape and different packing densities, to understand the impact of tag readability of RFID signal penetration. Experiments were performed, with tag placed on near side and far side of the cell, antennas are placed at the sides and top of the product. A typical setup is shown in figure 3 . The cell containing the solids are kept at constant distance from the antenna, in this experiment the distance is 18 inches apart. To fill the material to the container with proper consistency, the material is loaded using a funnel. This funnel method used is similar to a volumeter. Volumeter is an apparatus to fill the particle by uncompressing, onto a container. This allows free flow of material into the container without excessive packing. The amount of material in the container was measured by weight.
Tag readability readings were noted for both sugar and salt under this condition. The container with material has to be vibrated for two minutes on the vibrating table, such that the space created due to packing was replenished and continued vibration until no weight change was observed. Tag readability is checked again for the packed product. Table 1 are the weights pre and post vibration. 
Regression Equation for Full Factorial Design
Output Figure 12c shows that the data is random because there is no pattern evident, typically it is funnel shape. transportation. Therefore, the density is indirectly a factor causing significant interactions.
Since it is proved that the density varies according to the intensity of vibrations, it is possible that the tag readability also changes with the antenna placement referred as interaction B*C.
The interactions between materials used and speed of conveyor, material used and tag types are not significant in full factorial design. On the other hand, fractional factorial design shows that the material used and speed of conveyor, material used and tag orientation are not significant.
Higher coefficient of determination for fractional factorial design indicates that the fractional factorial design is more appropriate than the full factorial design. The model adequacy checked using the residuals indicate that the fractional factorial design performs better than the full factorial design with half the number of runs. The model developed here can be used to minimize failures, cost of implementation and predict outcomes with ease. It can be observed that in selecting an RFID system for a manufacturing application it is important to conduct design of experiments to identify the critical variables for optimum tag readability.
